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The potential energy surfaces of the ground electronic state of rare gas interhalogen van der Waals
molecules, Rg–ICl ~Rg5He, Ne!, are calculated at CCSD~T! ~coupled cluster using single and
double excitations with a noniterative perturbation treatment of triple excitations! level of theory.
Calculations have been performed with specific augmented correlation consistent basis sets for the
noble atom ~Rg!, supplemented with an additional set of bond functions. For iodine atom a
correlation consistent triple zeta valence basis set in conjunction with large-core Stuttgart–
Dresden–Bonn relativistic pseudopotential has been employed. The CCSD~T! results predict the
existence of three minima on the Rg–ICl potential energy surfaces at collinear ~Rg–ICl!, antilinear
~Rg–ClI!, and near T-shaped configurations, with the collinear structure to be the lowest one. Bound
states calculated from the intermolecular potential surfaces show that zero-order vibrational
corrections do not alter the stability of the three structures. Equilibrium intermolecular distances,
binding energies, and isomerization barriers are evaluated using the CCSD~T! potentials and
compared with previous theoretical and/or experimental results. © 2002 American Institute of
Physics. @DOI: 10.1063/1.1506920#I. INTRODUCTION
Weak interactions and intramolecular dynamics in van
der Waals ~vdW! complexes, particularly of rare gas atoms
with halogen and interhalogen molecules, have attracted
strong attention in recent years ~see recent review Ref. 1, and
references therein!.
For a long time, pairwise additive potentials have been
used for molecular systems, thus transferring the interaction
features of separate pairs of atoms into the complex without
changes. Such approach could be justified for closed-shell
atoms but should be used with caution for open p-shell at-
oms, like halogens. Recent studies have shown2–4 that
simple atom–atom potentials can not describe accurately the
anisotropy of the potential interaction between rare gas at-
oms and dihalides ~e.g., Br2 and Cl2) in their ground elec-
tronic state. In turn, atom–atom potentials are found to be
more accurate for the halogens in their excited electronic
states2,4 for describing general features of the main excitation
B←X band. Nevertheless, in most dynamical simulations,
e.g., the dissociation of Rg–XY ~X and Y are for the halogen
atoms! molecule, atom–atom potential forms have been used
widely ~see the review Ref. 5, and references therein!. Such
simulations are quite sensitive to fine details in the potential,
and therefore, an accurate representation of the interaction
energies is very important.
According to experimental findings, two different ~linear
and T-shaped! isomers of rare gas–halogen molecule com-
plexes exist on their ground electronic state. On the one
hand, the linear form is adopted for Rg-ClF ~Rg5He, Ar,
Kr!,6–8 Ar–ICl,9 Ar–I2,10 and Ne–I2 ~Refs. 11 and 12! com-
plexes. In particular for He–ClF,6 a fourth-order Møller–
a!Electronic mail: rita@imaff.cfmac.csic.es7010021-9606/2002/117(15)/7017/7/$19.00
Downloaded 09 Mar 2010 to 161.111.180.191. Redistribution subject tPlesset ~MP4! potential surface predicts three minima at en-
ergies of 258.1 cm21 ~linear!, 235.2 cm21 ~T-shaped!, and
232.3 cm21 ~antilinear!. The rotation–vibration levels of the
MP4 potential have served6 as a guide for finding the experi-
mental spectra and establish the existence of two relatively
isolated minima. On the other hand, T-shaped form was
found for He–I2 ,13 He–Br2 ,14 He–Cl2 ,15 Ne–Cl2 ,16
Ne–Br2 ,17 and Ar–Cl2 .18 Also, from dynamical studies19
He–ICl and Ne–ICl were inferred to be triangular, however,
recent experimental measurements indicate20,21 the coexist-
ence of linear isomers. Except for the experimental evidence
for Ar–I2 ~Ref. 10! and Ne–I2 ~Ref. 11! complexes, no noble
gas–halogen species was directly observed to have two iso-
mers.
In contrast, ab initio studies predict the existence of lin-
ear and T-shaped isomers for several rare gas–halogen
molecules.6,22–24 Understanding the origin of these shapes as
well as reliable characterization and modeling of the poten-
tial energy surface ~PES! for such systems constitute a chal-
lenge for experimentalists and theoreticians alike. Recent
results4,6 confirmed that high level ab initio calculations be-
come accurate enough to provide many features of the po-
tential energy surface according to the experimental observa-
tions for such weak van der Waals interactions.
The aim of this study is to present high-level ab initio
calculations, and to construct reliable PESs reproducing the
available experimental data for the He–ICl and Ne–ICl com-
plexes as regards their dynamics and spectra. Here, we report
the first ab initio interaction potentials of the above-
mentioned clusters. The paper is organized as follows. Sec-
tion II outlines the computational details of our ab initio
calculations. In Sec. III, together with the calculated ab initio
points, the fuctional form used to represent the PESs is7 © 2002 American Institute of Physics
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7018 J. Chem. Phys., Vol. 117, No. 15, 15 October 2002 Prosmiti et al.TABLE I. CCSD~T! interaction energies for the He–ICl molecule obtained with the aug-cc-pV5Z1(3s3p2d2 f 1g) basis set for the He and SDB-cc-pVTZ
ECP for I at indicated values of R and u . r is fixed at 2.321 Å.
DE ~cm21)
R ~Å! u50° u522.5° u545° u567.5° u578.75° u590° u5101.25° u5112.5° u5135° u5157.5° u5180°
3.0 713.1 {{{ {{{ {{{ {{{ {{{ {{{ {{{ {{{ {{{ {{{
3.25 {{{ {{{ 574.9 {{{ {{{ 121.6 34.94 47.14 {{{ {{{ {{{
3.5 212.27 {{{ 206.2 {{{ 76.14 20.50 220.59 219.64 755.6 {{{ {{{
3.75 256.30 1.62 {{{ 33.65 9.50 214.31 233.82 238.19 {{{ {{{ {{{
4.0 255.97 227.87 1.60 23.93 212.88 222.61 231.96 237.14 81.80 962.0 1728.8
4.25 244.40 231.01 {{{ 214.99 {{{ 221.40 {{{ 230.57 {{{ {{{ {{{
4.5 232.59 226.25 218.06 216.00 216.44 217.69 219.99 223.57 219.09 74.60 131.8
4.75 223.29 {{{ {{{ {{{ {{{ {{{ {{{ {{{ {{{ 25.25 22.66
5.0 216.55 212.05 212.69 29.48 210.47 210.40 211.13 213.08 220.48 225.63 235.45
5.5 {{{ {{{ {{{ {{{ {{{ {{{ {{{ {{{ {{{ {{{ 228.88
6.0 {{{ {{{ {{{ {{{ {{{ {{{ {{{ {{{ {{{ 212.01 {{{
7.0 21.62 21.45 21.49 21.36 21.29 21.29 21.36 21.54 22.37 23.69 24.41
9.0 20.33 20.33 20.31 20.29 20.29 20.29 20.29 20.33 20.44 20.59 20.66
11.0 20.09 20.09 20.07 20.09 20.07 20.07 20.09 20.09 20.11 20.13 20.15given. Results of bound state calculations, employing the
above-mentioned surfaces are discussed and compared with
available experimental data. Finally, some conclusions are
collected in Sec. IV.
II. AB INITIO CALCULATIONS
The potentials are calculated with the spin-restricted
single and double excitations coupled cluster method with
perturbative triples @RCCSD~T!# correlating only the valence
electrons as implemented in the GAUSSIAN 98 package.25 A
Jacobi coordinate system (r ,R ,u) is used in all our calcula-
tions. The r , R , and u coordinates represent in turn the in-
tramolecular Cl–I distance, the distance from Rg atom to the
center of mass of ICl, and the Jacobi angle between the vec-
tors R and r. In this definition u50° denotes the collinear
Rg–I–Cl configuration, whereas u5180° designates the an-
tilinear Rg–Cl–I geometry.
We use the augmented correlation consistent triple zeta
~aug-cc-pVTZ! basis set for Cl atom. For the Rg atom weDownloaded 09 Mar 2010 to 161.111.180.191. Redistribution subject tuse the quintuple zeta ~aug-cc-pV5Z! for the He and the
quadruple zeta ~aug-cc-pVQZ! for Ne, supplemented with an
additional set (3s3p2d2 f 1g) of bond functions defined by
Cybulski and Toczylowski.26 The bond functions are placed
on the intersection of the vector R and an ellipse that is
chosen such that the bond functions are centered at the mid-
point of R for the T-shaped geometry and the midpoint be-
tween the Rg atom and the nearest halogen atom for the
collinear and antilinear configurations of the complex. This
procedure prevents the bond functions from getting too close
to a halogen atom for small values of R.
For iodine atom we use a relativistic effective core po-
tential. We choose to employ the Stuttgart–Dresden–Bonn
~SDB! large-core energy-consistent pseudopotential27 in con-
junction with a correlation consistent triple zeta ~SDB-cc-
pVTZ! valence basis set.28 This basis set is of cc-pVTZ qual-
ity and has been optimized for use with the SDB
pseudopotential. In all calculations 6d and 10f Cartesian
functions are used.TABLE II. CCSD~T! interaction energies for the Ne–ICl molecule obtained with the aug-cc-pVQZ1(3s3p2d2 f 1g) basis set for the Ne and SDB-cc-pVTZ
ECP for I at indicated values of R and u . r is fixed at 2.321 Å.
DE (cm21)
R ~Å! u50° u522.5° u545° u567.5° u578.75° u590° u5101.25° u5112.5° u5135° u5157.5° u5180°
3.0 2010.6 {{{ {{{ {{{ {{{ {{{ {{{ {{{ {{{ {{{ {{{
3.25 {{{ {{{ 1000.3 {{{ {{{ 184.31 59.98 126.48 {{{ {{{ {{{
3.5 58.44 212.95 327.36 {{{ 93.47 6.25 252.87 236.10 1596.2 {{{ {{{
3.75 286.75 25.42 {{{ 23.79 213.25 248.54 276.99 279.58 {{{ {{{ {{{
4.0 2106.33 265.16 223.17 231.27 243.47 256.82 270.65 278.90 153.85 2159.4 4381.9
4.25 289.63 269.26 {{{ 242.64 {{{ 249.69 {{{ 265.09 {{{ {{{ {{{
4.5 .. 257.46 244.20 238.89 238.27 239.22 {{{ 249.99 247.32 162.43 363.68
4.75 248.59 {{{ {{{ {{{ {{{ {{{ {{{ {{{ {{{ 212.82 20.96
5.0 234.65 225.35 227.89 220.23 222.65 222.18 223.42 227.43 244.81 256.25 267.60
5.25 {{{ {{{ {{{ {{{ {{{ {{{ {{{ {{{ {{{ {{{ 274.95
5.5 {{{ {{{ {{{ {{{ {{{ {{{ {{{ {{{ {{{ {{{ 261.25
6.0 {{{ {{{ {{{ {{{ {{{ {{{ {{{ {{{ {{{ 225.17 232.92
7.0 23.29 23.25 23.05 22.74 22.65 22.63 22.76 23.13 24.87 27.55 29.17
9.0 20.65 20.63 20.61 20.57 20.57 20.59 20.66 20.57 20.85 21.18 21.31
11.0 {{{ 20.17 20.15 20.17 {{{ {{{ 20.19 20.19 20.24 20.30 20.33o AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp
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use the standard ab initio supermolecular approach. At a
given level of theory, the interaction energy is calculated
from
DE5ERgICl2EBSSE2ERg2E ICl , ~1!
where ERgICl is the energy of the RgICl supersystem and the
ERg , E ICl are the energies of the nointeracting monomers Rg
~Rg5He, Ne! and ICl, respectively. The supermolecular ba-
sis set superposition error EBSSE is determined with the Boys
and Bernardi counterpoise procedure.29
FIG. 1. Contour plots of the Rg–ICl potential energy surfaces, V(R ,u) @Eq.
~3!#. ~a! For He–ICl contour ~solid lines! intervals are of 10 cm21 and for
energies from 255 to 15 cm21. ~b! For Ne–ICl contour ~solid lines! inter-
vals are of 20 cm21 and for energies from 2105 to 25 cm21. Dashed lines
correspond to the isomerization barriers ~see Table III!.Downloaded 09 Mar 2010 to 161.111.180.191. Redistribution subject tIII. RESULTS AND DISCUSSION
A. Grid and potential energy function
The interaction energies for He–ICl and Ne–ICl are cal-
culated for several intermolecular distances R ranging from
R53 to 11 Å using a grid of equally spaced points of 0.25 Å
for the short and intermediate range of R and of 2 Å for the
long-range region. The angle u is varied between 0° and
180° using nine equally spaced angles by increments of p/8
rad and two more angles at values of p/26p/16. In this
work, the r distance is kept fixed at the value of 2.321 Å,
which represents the equilibrium bond distance of the ICl
molecule in its ground state.30
The results of the CCSD~T! interaction energies are
listed in Tables I and II for He–ICl and Ne–ICl systems,
respectively. For He–ICl we obtain ~see Figs. 1~a!, 2~a!, 2~c!
and Table I! De558.62 cm21 and Re53.86 Å at u50°,
De538.96 cm21 and Re53.82 Å at u5110.9°, and De
538.03 cm21 and Re55.12 Å at u5180°. For Ne–ICl we
obtain ~see Figs 1~b!, 2~b!, 2~d! and Table II! De5106.83
cm21 and Re53.96 Å at u50°, De584.79 cm21 and Re
53.78 Å at u5109.1°, and De576.74 cm21 and Re55.17
Å at u5180°.
We fit the interaction potential for each (u i) i51211 with a
Morse–vdW function
V~R ,u i!5VM1VvdW ,
VM5a0
i ~exp~22a1
i ~R2a2
i !!22 exp~2a1
i ~R2a2
i !!!,
~2!
VvdW52
a3
i
R6
2
a4
i
R8
,
with parameters a0
i
, a1
i
, a2
i
, a3
i
, a4
i
, i51 – 11. The poten-
tial parameters are obtained by a nonlinear least2squares
calculation and are listed in Table III. The largest average
absolute deviation for all the points for He–ICl with energies
DE<700 cm21 is 0.4 and 0.85 cm21 for Ne–ICl for ener-
gies DE<4000 cm21. The two-dimensional representationFIG. 2. Potential energy curves ~a!,~b! and minimum
energy ~c!,~d!, Vm , for Rg–ICl complexes, calculated
at CCSD~T! level with the SDB-cc-pVTZ basis set for I
and aug-cc-pV5Z1(3s3p2d2 f 1g) basis set for He
~a!,~c!, aug-cc-pVQZ1(3s3p2d2 f 1g) basis set for Ne
~b!,~d!. Ab initio results are indicated by open symbols,
circles for u50°, squares for u5112.5°, and triangles
for u5180°. Full lines are for the parametrized poten-
tial curves V(R ,u i) i51,11 @Eq. ~2!#.o AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp
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Legendre polynomials for the cosine of the angle u ,
V~R ,u!5(
l
Vl~R !Pl~cos u!, ~3!
where the Vl(R) coefficients are calculated by a collocation
method with l50 – 10. To demonstrate the quality of the fit
we compute the average absolute deviation between the
original ab initio points and the values of the V(R ,u) @Eq.
~3!#. We obtain values for the standard deviation of 0.16 and
0.34 cm21 for He–ICl and Ne–ICl potentials, respectively.
Figure 1~a! and 1~b! present two-dimensional contour
plots of the V(R ,u) surfaces in the XY plane for He–ICl and
Ne–ICl complexes, respectively. The equipotential curves
are shown for Rg moving around of ICl molecule with fixed
re52.321 Å. For both vdW complexes we obtain three
minima corresponding to the linear Rg–I–Cl and Rg–Cl–I
and the asymmetric T-shaped (u5110.9° and 109.1° for
He–ICl and Ne–ICl, respectively! structures. The collinear
potential well is deeper than the perpendicular and antilinear
ones. The three energy minimum are separated by two
isomerization barriers at energies of 215.3 cm21 ~42.9 cm21
above the collinear well! for He–ICl and 241.6 cm21 for
Ne–ICl for linear to asymmetric T-shaped well, and 222.8
cm21 ~35.4 cm21 above the collinear well! for He–ICl and
252.3 cm21 for Ne–ICl for asymmetric T-shaped to antilin-
ear well. The relations among these potential minima and the
corresponding barriers is represented in Figs. 2~c! and 2~d!
for He–ICl and Ne–ICl systems, where the contour of mini-
mum energy, Vm , is depicted as a function of angle u .Downloaded 09 Mar 2010 to 161.111.180.191. Redistribution subject tB. Vibrational analysis
The energies and eigenfunctions of the bound states are
determined using the Hamiltonian form
Hˆ 52
\2
2m1
]2
]R2
1
jˆ2
2m2re
2 1
lˆ2
2m1R2
1V~re ,R ,u!, ~4!
where m1
215mRg
211(m I1mCl)21 and m2215m I211mCl21 are
the reduced masses, mRg ~Rg5He, Ne!, m I and mCl are the
atomic masses of 127I and 35Cl isotopes, lˆ and jˆ are the an-
gular momenta associated with the vectors R and r, respec-
tively, leading to a total angular momenta Jˆ 5 lˆ1 jˆ . re is
fixed at the equilibrium I–Cl bond length, and the intermo-
lecular potential for each complex is given by the V(R ,u)
expansion, @Eq. 3#.
For a total angular momenta equal to zero, the corre-
sponding Hamiltonian is represented in a mixed FBR/DVR
basis set, for the angular and radial coordinates, respectively.
For the angular part we use the orthonormalized Legendre
polynomials, $Pj(cos u)%, and for the R coordinate we use a
discrete variable representation ~DVR! basis set based on
particle in box eigenfunctions,35
f n~R !5
2
AL~N11 ! (k51
N
sin
kp~R2R0!
L sin
kpn
N11 , ~5!
where N is the total number of DVR functions, L is the size
of the box L5Rmax2R0 , and the DVR points in the R coor-
dinate are given by,TABLE III. Parameters for the V(R ,u i),i51 – 11 potential @Eq. ~2!# for the indicated Rg–ICI ~Rg5He, Ne!
complexes. Distances are in Å and energies in cm21. Figures in parentheses mean powers of 10.
He–ICl complex
u a0 a1 a2 a3 a4
0° 22.0348 1.832 69 4.10572 119 473 374 572
22.5° 4590.9 1.827 72 2.061 22 413 270 22.190 03~07!
45° 1.231 03 1.603 34 5.324 09 59 765.6 3.212 66~06!
67.5° 11.7684 1.647 48 4.422 82 87 296.3 21.110 05~06!
78.75° 3.6383 1.622 28 4.699 52 136 324 2516 689
90° 0.812 051 1.6164 5.100 14 115 682 863 331
101.25° 3.217 21 1.658 26 4.506 19 136 939 57 173.4
112.5° 3.774 69 1.566 68 4.665 79 92 417 1.540 72~06!
135° 2.2524 1.556 98 5.527 25 11 913.6 8.433 21~06!
157.5° 38.265 6 1.789 99 4.973 18 568 247 21.904 47~07!
180° 108.941 1.865 27 4.8019 1.139 98~06! 25.306 62~07!
Ne–ICl complex
0° 33.9196 1.799 76 4.278 86 159 747 3.136 63~06!
22.5° 183 302 1.805 86 0.448 132 816 233 24.809 18~07!
45° 18.3507 1.634 51 4.612 61 164 425 1.2209~06!
67.5° 255.199 1.727 92 3.496 47 351 539 21.460 66~07!
78.75° 11.3051 1.659 96 4.504 02 275 587 21.041 06~06!
90° 11.7192 1.652 04 4.396 62 256 412 2495 671
101.25° 14.4431 1.680 52 4.241 22 283 065 2608 166
112.5° 14.7015 1.628 71 4.388 62 256 162 849 788
135° 33.0072 1.607 29 4.814 62 254 667 2492 577
157.5° 91.8704 1.811 49 4.942 91 1.2443~06! 24.452 68~07!
180° 83.056 1.8961 5.105 57 1.191 59~06! 23.451 47~07!o AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp
7021J. Chem. Phys., Vol. 117, No. 15, 15 October 2002 Energy of He–ICl1Ne–IClTABLE IV. Binding energies (De and D0 in cm21), equilibrium distances ~in Å! and isomerization barriers for the He–ICl and Ne–ICl complexes.
Collinear (ue50°) Isomerization Near T-shaped Isomerization Antilinear (ue5180°)
Complex De D0 Re Barrier(E*) De D0 Re /ue Barrier(E*) De D0 Re
He–ICl This work 58.62 18.29 3.86 215.3 38.96 15.15 3.82/110.9 222.8 38.03 12.33 5.12
Semiempirical valuea 32.5 3.8/101.8
Experimental valueb 20.7 16.8
Ne–ICl This work 106.83 76.19 3.96 241.6 84.79 62.59 3.78/109.1 252.3 76.74 53.73 5.17
Semiempirical valuec 60.7 42.4 4.95/140
Experimental valued,e ;72.4–74.7 48.260.5
Experimental valuef 7065
aReference 31. dReference 33.
bReference 21. eReference 34.
cReference 32. fReference 36.Rn5
nL
N11 1R0 for n51, . . . ,N . ~6!
Here, a basis set of 50 DVR functions is used over the range
of R052 Å to Rmax515 Å, and including in the basis set
expansion of the $Pj(cos u)% channels up to j528.
The bound state calculations reveal that the ground vdW
level is at energy 218.29 and 276.19 cm21 for He–ICl and
Ne–ICl, respectively. For He–ICl system the effect of the
zero-point oscillation is clearly large since more of the half
well-depth is consumed by zero-point energy.
The results of these calculations, in comparison with the
available data for the Rg–ICl complexes are summarized in
Table IV. In Fig. 3 we present the probability * uCu2dR dis-
tributions for the lowest vdW vibrational levels (n50, n
51, and n52) for He–ICl and (n50, n51, n52, and n
53) for the Ne–ICl molecules.
For He–ICl complex the first two excited (n51, 2! vdW
vibrational levels for J50 are found at energies of 215.15
cm21 ~slightly above the isomerization barrier between lin-
ear and near T-shaped wells! and 212.33 cm21, respectively.
The n50 eigenfunction is localized in the He–ICl well,Downloaded 09 Mar 2010 to 161.111.180.191. Redistribution subject twhereas the n51 and n52 correspond to asymmetric
T-shaped and antilinear wells @see Figs. 2~a! and 3~a!#. How-
ever, we should note @see Fig. 3~a!# that the n52 wave func-
tion, as was expected, extends slightly toward the near
T-shaped configurations. Recent experimental studies have
characterized the formation of the different ground state
isomers20 and have estimated the binding energies for the
linear and T-shaped He–ICl isomers at 20.7 and 16.8
cm21,21 respectively. These estimates have been made by
assigning the experimentally observed transitions from linear
or T-shaped ground electronic state isomers to the intermo-
lecular vibrational levels of He 1 ICl~B, v852) correspond-
ing to the ground stretching vdW mode and with two (nB
52) and zero (nB50) quanta of bending excitation, respec-
tively, after Waterland et al.31 The blue shifts of B←X tran-
sitions are estimated here employing the CCSD~T! X state
potential and one given by Waterland et al.31 for the B state.
The energies of the lowest vdW levels for the X state listed in
Table IV are 218.29 cm21 ~linear!, 215.15 cm21 ~T-
shaped!, and 212.33 cm21 ~antilinear!, while for the B state
are found31 at 213.3 cm21 ~T-shaped, nB50), 27.7 cm21FIG. 3. Probability * uCu2dR distribution for the eigen-
functions corresponding to n50, n51, and n52 vdW
levels for He–ICl ~a! and n50, n51, n52, and n53
for Ne–ICl ~b! complexes. ~Distributions are shifted
due to the Jacobian sin u!.o AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp
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based on the spatial configurations favoring Franck–Condon
overlaps the estimated blue shifts are ’2 cm21 ~T-shaped
← T-shaped!, 6 cm21 ~linear/antilinear ← antilinear!, and 12
cm21 ~linear/antilinear ← linear!. This result is in good
agreement with the experimental predictions,21 where the
spectral blue shifts of the assigned T-shaped and linear fea-
tures are 3.5 and 14.4 cm21, respectively. The theoretically
predicted transition of 6 cm21, not assigned in the
experiment,21 perhaps is hidden by the presence of another
transition involving the isotopic specie He–I37Cl. Since, the
accuracy of the experimental binding energies is based on
the theoretical calculated energy levels for the B electronic
state, the corresponding CCSD~T! values of 18.29 and 15.15
cm21 for He–ICl are in good accord with the experimental
values.
For Ne–ICl complex the ground (n50) and the second
excited (n52 with energy 253.86 cm21) vdW vibrational
states are localized in the collinear well, while the n51 and
n53 states are found at energies of 262.59 and 253.73
cm21 and correspond to asymmetric T-shaped and antilinear
isomers, respectively. The bond dissociation energy for Ne–
ICl has been determined33 from the spectral shifts of the
vdW features relative to E←A and A←X transitions of un-
complexed ICl, yielding for the ground electronic state
D0(vX50)548.260.5 cm21 for a bent configuration. How-
ever Janda et al.36 suggested that the experimental final ro-
tational distribution for vibrational predissociation of Ne–
ICl~A, v8523) extends to the highest J allowed by
conservation of energy. This leads to larger values of disso-
ciation energy of Ne–ICl in the A and X electronic states
than the ones previously estimated.33 Thus, a higher value of
D0’60 cm21 has been adopted34,36 for the bond energy of
Ne–ICl in A state, implying an upper value of D057065
cm2136 for the dissociation energy of the Ne–ICl ground
state. The present CSSD~T! result of D0565.2 cm21 is con-
sistent with this experimental estimate.
IV. CONCLUSIONS
The ab initio PESs for the Rg–ICl(X 1S) ~Rg5He, Ne!
interaction are calculated at the CCSD~T! level using specific
augmented correlation consistent basis sets for chlorine and
rare gas atoms, while large-core ~SDB! relativistic pseudo-
potentials in conjunction with SDB-cc-pVTZ valence basis
set are employed for iodine atom.
The first minimum occurs for the collinear geometry
Rg–I–Cl and two more local minima are found for near
T-shaped and antilinear configurations. The ground vibra-
tional states of the He–ICl and Ne–ICl molecules are local-
ized at collinear geometries. For He–ICl we found dissocia-
tion energies of D0
L518.29 cm21 and D0
T515.15 cm21 for
the collinear and near T-shaped isomers, respectively,
whereas for Ne–ICl we found dissociation energies of D0
L
576.19 cm21 and D0
T562.59 cm21. The calculated binding
energies for He–ICl vdW cluster are in excellent agreement
with recent experimental estimates.21 In turn, the value for
the near T-shaped Ne–ICl binding energy is larger than anDownloaded 09 Mar 2010 to 161.111.180.191. Redistribution subject tearly experimental estimation33 but in good accord with later
reported experimental values.34,36
For the Rg–ICl complexes studied, the present surfaces
are the first ab initio ones available and the comparison with
experimental data demonstrates the high quality of them. Us-
ing these CCSD~T! surfaces, work is in progress to study the
dynamics and spectra of the He–ICl and Ne–ICl complexes.
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